The levels of genotypic relatedness among Leuconostoc oenos (53 strains), Leuconostoc mesenteroides subsp. mesenteroides (7 strains), Leuconostoc mesenteroides subsp. dextranicum (5 strains), Leuconostoc paramesenteroides (3 strains), Leuconostoc lactis (3 strains), Leuconostoc sp. (3 strains), and Pediococcus acidilactici (1 strain) were determined. L. oenos is genotypically homogeneous and forms a distinct species. Leuconostoc sp. strains ATCC 21435, ATCC 21436, and ATCC 21437 are genotypically not closely related to any Leuconostoc sp. L. paramesenteroides and L. lactis are regarded as genotypically heterogeneous collections of strains. P. acidihctici ATCC 12697 and L. mesenteroides NCDO 530 should be reclassified as L. paramesenteroides and L. oenos, respectively.
Gram-positive cocci of the genus Leuconostoc are divided into nine genospecies, viz., Leuconostoc oenos, Leuconostoc mesenteroides, Leuconostoc paramesenteroides, Leuconostoc lactis, Leuconostoc pseudomesenteroides, Leuconostoc citreum, Leuconostoc amelibiosum, Leuconostoc gelidum, and Leuconostoc carnosum (6, 11, 21, 22) . Leuconostoc dextranicum and Leuconostoc cremoris have been reclassified as subspecies of L. mesenteroides (10) .
L. oenos is the only acidophilic species and occurs naturally in wine (7, 12) . Results obtained by Nonomura et al. (19) , Nonomura and Ohara (18) , and Garvie (7) showed that the wine leuconostocs are a distinct and separate group compared with the nonacidophilic Leuconostoc spp. Strains of L. oenos can be distinguished from other Leuconostoc spp. by growth in citrate malate broth, growth at low pH values, ethanol tolerance, and a few carbohydrate fermentation reactions (7). L. oenos is phenotypically heterogeneous and can be grouped into two subgroups on the basis of pentose fermentation reactions (7). Peynaud and Domercq suggested that L. oenos should be divided into two species (Leuconostoc oinos and Leuconostoc gracile) on the basis of pentose fermentation reactions (1). However, growth at low pH values and results obtained with lactic acid dehydrogenase and glucose-6-phosphate dehydrogenase profiles suggest that the strains described by Nonomura and Ohara (18) belong to one species (12). Only a limited number of wine leuconostocs were included in each of these studies. Therefore, it is not certain whether the wine leuconostocs belong to one or more species (7, 18, 19) . Garvie and Farrow (12) suggested a wide taxonomic study to determine the relatedness among strains of L. oenos.
We studied the levels of genotypic relatedness among 35 strains of L . oenos, 18 strains presumptively classified as L.
oenos from South African red wines, and strains of L. mesenteroides subsp. mesenteroides, L. mesenteroides subsp. dextranicum, L. paramesenteroides, and L. lactis by performing a computerized numerical analysis of the total soluble cell proteins, DNA base compositions, and DNA-DNA hybridization data.
* Corresponding author.
MATERIALS AND METHODS
Bacterial strains. The strains which we used are listed in Table 1 .
Numerical analysis of total soluble cell proteins. Cultures were grown in acidic grape broth with the following composition: 1.0% (wtfvol) glucose, 1.0% (wthol) peptone, 0.5% (wthol) yeast extract, 0.02% (wtfvol) MgSO, a 7H,O, 0.005% (wtfvol) MnSO, . H 2 0 , and 25% (voVvo1) grape juice. The pH was adjusted to 4.8 with 10 N KOH. Cultures were incubated at 30°C.
Cultures that were 48 h old were harvested and treated by using the methods described by Dicks and Van Vuuren (5). Cell extracts were prepared by disrupting the cells with glass beads (diameter, 0.35 mm) in 10-ml test tubes on a vortex shaker (Scientific Industries, Inc., Bohemia, N.Y.) for 6 min. Protein concentration determinations, electrophoresis, densitometry, normalization of densitometric tracings, and photography of the gels were performed by using the methods described by Dicks and Van Vuuren (5). The densitometric tracings were converted as described by Kersters and De Ley (16) and Dicks and Van Vuuren (5). The Pearson product-moment correlation coefficients (r) between pairs of densitometric tracings of protein patterns were calculated for 222 gels (3 gels per strain). Clustering was by the unweighted average pair group method.
DNA base composition. Cultures were grown in acidic grape broth or MRS broth (E. Merck AG, Darmstadt, Federal Republic of Germany) at 30°C and were harvested after 48 h. DNA was isolated and purified by using the technique described below. Cells were washed twice in Tris-EDTA (pH 8.0) and were incubated with lysozyme (10 mgfml; Sigma Chemical Co., St. Louis, Mo.) for 90 min on ice. An equal volume of 2% sodium dodecyl sulfate was added, and the preparation was incubated for 17 min at 60°C. The lysed cell suspension was placed on ice and deproteinized with proteinase K (100 kg/ml; Boehringer GmbH, Mannheim, Federal Republic of Germany) for 2 h at 37°C. The suspension was shaken with an equal volume of phenol for 30 min at room temperature and centrifuged. Then 2 volumes of cold ethanol was added to the supernatant, and the nucleic acid was spooled onto a glass rod and suspended volume of phenol for 30 min at room temperature. The suspension was centrifuged, and the DNA was collected from the supernatant as described above. The DNA suspension was deproteinized with chloroform-iso-amylalcohol (24:1, voYvol), precipitated with cold ethanol, spooled onto a glass rod, and desalted by dipping into 70% (voYvo1) cold ethanol. Finally, the DNA was suspended in 1 ml of Tris-EDTA by gentle shaking overnight at 4°C. The protein contamination in each sample was calculated from the ratio The DNA was diluted to a concentration of 20 pg/ml in 1 x SSC ( l x SSC is 0.15 M NaCl plus 0.015 M trisodium citrate, pH 7.0) and placed into a cuvette holder, which was gradually heated from 60 to 100°C at a rate of increase of 0.2"C/min. A model DU-8B spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif.) was used to determine the thermal denaturation (T,) value. The first maximum derivative was used to calculate the T, value when two or more samples were analyzed simultaneously. The T, value was calculated from the average of three determinations.
The DNA base composition (guanine-plus-cytosine [G + C] content) was calculated by using the equation of De Ley (2). Escherichia coli NCDO 1984 and NCDO 1989 were included as reference strains.
DNA-DNA hybridizations. Cultures were grown in acidic grape broth or MRS broth (4) for 48 h at 30°C. The DNA was isolated and hybridized by using the methods described by Dellaglio et al. (3) . Reassociation was performed in a water of A,,, to A,,,.
bath at 553°C (30°C lower than the T, value) in 2X SSC. The percentage of DNA-DNA homology was calculated by using the single-point competition technique (15).
RESULTS AND DISCUSSION
The computerized numerical analysis of the protein electropherograms grouped 53 strains of L. oenos into a single cluster at r L 0.83 ( Fig. 1 and 2 , cluster I). Pediococcus acidilactici ATCC 12697 and L. paramesenteroides DSM 20288T (T = type strain) grouped in cluster I1 at r I 0.94 (Fig. 3) . Cluster I11 comprised Leuconostoc sp. strains ATCC 21435, ATCC 21436, and ATCC 21437 and L. paramesenteroides DSM 20186 at r L 0.84 (Fig. 3) . L . rnesenteroides subsp. mesenteroides ATCC 12291, ATCC 8359, ATCC 10830, ATCC 27258, ATCC 9135, and ATCC 14430, L. mesenteroides subsp. dextranicum NCDO 531, NCDO 516, NCDO 529T, and NCDO 824, L. paramesenteroides DSM 20201, and L. lactis DSM 20202T grouped at r L 0.68 in cluster IV (Fig. 3) . L. lactis DSM 20198 and DSM 20192 did not group into any cluster ( Fig. 3 and Table 2 ). The groupings obtained by numerical analysis of total soluble cell proteins corresponded well with the groupings obtained by DNA-DNA hybridization ( Table 2 ). The DNA base compositions (as determined by the T, method) for L . oenos ranged from 38 to 42 mol% (Table 2) .
Cluster I contained 53 strains of L. oenos at r 2 0.83 ( Fig 1 and 2). The overall protein patterns of strains in cluster I were similar. However, some strains showed additional bands, and in some strains minor bands were absent. Two electrophoretic subgroups were found at r 2 0.83. Subgroup 1 contained 35 strains of L. oenos at r L 0.86 ( Fig. 1 and 2) . The levels of DNA homology of strains in this subgroup with the type strain of L. oenos (strain NCDO 1674) ranged from 80 to 97%, except for L. oenos Ia8, which gave a value of 73% ( Table 2) .
Subgroup 2 contained 18 strains of L. oenos and L. mesenteroides subsp. dextranicum NCDO 530 at r L 0.86 (Fig. 2) . Strains in this subgroup showed levels of DNA homology of 80 to 97%, except for L. oenos NCDO 1894, which gave a value of 74% ( Table 2) . In contrast to the L. oenos strains in subgroup 1, all of the strains in subgroup 2 except strains 02028 and ML34 produced an extracellular polysaccharide in acidic grape broth. The production of extracellular polysaccharides from sucrose by leuconostocs is variable and is influenced by the salt concentration, fermentable pentoses, and sucrose in the medium (20). The production of extracellular slime is not characteristic of wine leuconostocs (7, 11). However, according to Garvie (7), some wine strains can ferment sucrose under certain conditions. Garvie and Farrow (12) recorded levan production for L. oenos NCDO 2121, NCDO 2120, and NCDO 2119. The protein patterns of L. oenos NCDO 2121, NCDO 2120, and NCDO 2119 were almost identical (Fig. 2) . These strains showed levels of DNA homology with L . oenos NCDO 1674T of 96 to 97%, (Table 2) confirming the reclassification described by Garvie and Farrow (12) .
The protein profile of L. mesenteroides subsp. dextranicum NCDO 530 was almost identical to that of the L. oenos strains in subgroup 2 (Fig. 2) . Strain NCDO 530 showed 80% DNA homology with L. oenos NCDO 1674T and was 90% related to L. oenos NCDO 2121 and 80% related to stains NCDO 2120 and NCDO 2119 ( Table 2) . Furthermore, strain NCDO 530 exhibited only 30 and 34% DNA homology with the type strains of L. mesenteroides subsp. dextranicum (strain NCDO 529) and L. mesenteroides subsp. mesenteroides (strain NCDO 523), respectively ( Table 2) . Strain NCDO 530 was the only strain of L. mesenteroides subsp. dextranicum which produced extracellular polysaccharides in acidic grape broth. Hontebeyrie and Gasser (14) did not include L . mesenteroides subsp. dextranicum NCDO 530 in their study. L. mesenteroides subsp. dextranicum NCDO 530 is misnamed and should be reclassified as L. oenos.
The DNA base compositions of strains of L. oenos in cluster I ranged from 38 to 42 mol% G + C ( Table 2 ). This range is somewhat wider than the T, values for L. oenos reported by Garvie ( l l ) , Garvie et al. (13) , and Hontebeyrie and Gasser (14). However, the values for L. oenos NCDO 1674T and NCDO 1707 shown in Table 2 (42 and 41 mol%, respectively) are almost identical to those reported by Garvie et al. (13) . Furthermore, the T, value of 91.7"C recorded for the DNAs of E . coli NCDO 1984 and NCDO 1989 was identical to the value reported by Garvie et al. (13) . Cluster I1 contained the type strain of L. paramesenteroides (strain DSM 20288) and P . acidilactici ATCC 12697 at r 2 0.94 (Fig. 3) . The protein profiles of these two strains were almost identical, and they exhibited a DNA homology level of 80% (Table 2) Clustering was obtained by performing a numerical analysis of the total soluble cell protein patterns (Fig. 1 through 3 (Fig. 3) . Leuconostoc sp. strains ATCC 21435, ATCC 21436, and ATCC 21437 had almost identical protein profiles, indicating that they are closely related. However, the protein profiles of these strains were different from the profiles obtained for all of the strains included in our study. Leuconostoc sp. strain ATCC 21436 had levels of DNA homology of 24 and 25% with L. mesenteroides subsp. mesenteroides NCDO 523= and L . mesenteroides subsp. dextranicum NCDO 529T, respectively, and exhibited no DNA homology with any other Leuconostoc sp. (Table 2) . Therefore, we are not certain whether Leuconostoc sp. strains ATCC 21435, ATCC 21436, and ATCC 21437 belong in the genus Leuconostoc. L . paramesenteroides DSM 20186 is an intruder in this cluster, a phenomenon which has been discussed by Kersters and De Ley (16, 17) . The protein profile of L . paramesenteroides DSM 20186 differed from that of the type strain of L . paramesenteroides (strain DSM 20288) (Fig. 3) . DNA-DNA hybridization revealed no homology between these two strains ( Table 2) . Schillinger et al. (21) reported only 44 and 38% DNA homology between L. paramesenteroides DSM 20186 and DSM 20288* based on results obtained with the filter technique and the optical method, respectively. Furthermore, L . paramesenteroides DSM 20186 had no specific relationship to any of the other strains of the genus Leuconostoc (21). Therefore, the identity of L . paramesenteroides DSM 20186 is uncertain.
Cluster IV comprised L . mesenteroides subsp. mesenteroides ATCC 12291, ATCC 8359, ATCC 10830, ATCC 27258, ATCC 9135, and ATCC 14430, L . mesenteroides subsp. dextranicum NCDO 531, NCDO 516, NCDO 529T, and NCDO 824, L . paramesenteroides DSM 20201, and L. lactis DSM 20202T at r 2 0.68 (Fig. 3) . The protein profiles of all of these strains except L . paramesenteroides DSM 20201 and L. lactis DSM 20202T were very similar (Fig. 3) . All of the strains in cluster IV except L . paramesenteroides DSM 20201 and L. lactis DSM 20202T exhibited high levels of DNA homology ( 
